Thymic tumors are categorized as types A, AB, B1, B2, B3, and thymic carcinoma under the World Health Organization (WHO) classification. Thymomas are typically slow growing tumors that predominantly involve the surrounding structures through direct invasion, while thymic carcinomas tend to be more aggressive. A significant number of patients are asymptomatic and can present with metastases as the first presentation. The exact incidence of extrathoracic metastases from thymoma is not known. This study describes a series of 35 cases of histologically documented metastatic thymomas and thymic carcinomas at extrathoracic sites. These cases were classified according to the current World Health Organization (WHO) classification criteria, and we present their clinical data as well as discuss the differential diagnoses of these lesions. Our study shows that all types of thymic tumors, regardless of histologic type, can be associated with invasion and metastases to thoracic and extrathoracic sites. Modern Pathology (2012) 25, 370-377; doi:10.1038/modpathol.2011.178; published online 11 November 2011
Thymoma, a neoplastic transformation of the epithelial cells of the thymus gland, accounts for B40% of all mediastinal tumors. 1 It is one of the lesions that should be considered in the differential diagnosis of an anterior mediastinal mass. Thymomas have been associated with different paraneoplastic syndromes such as myasthenia gravis, polymyositis, lupus erythematosis, rheumatoid arthritis, and pure red cell aplasia. 2 Thymomas are typically very slow growing tumors that predominantly involve the surrounding structures through direct invasion. Thymic tumors are categorized as types A, AB, B1, B2, B3, and carcinoma by the 2004 World Health Organization (WHO) classification of thymic epithelial tumors. 3 Approximately 30% of thymic carcinoma patients are asymptomatic when diagnosed. 2 It is the most aggressive variant invading surrounding structures with metastases, 2 although embolic metastases of thymic carcinoma leading to extrathoracic metastases are very rare. 4 Since, thymic cancers invade locally, diagnoses of metastases are difficult. Locally advanced thymic tumors often present as pleural plaques, which can be misdiagnosed as lung metastases on imaging studies. Thus, it becomes very important to appropriately define metastases in these tumors. For this reason, we defined only lesions outside the thorax that were histologically similar to the primary thymic tumors as metastases.
Although the exact incidence of extrathoracic metastases from thymoma is not known, in 1983, Ichino et al 5 documented 83 cases in the literature. However, most of the metastatic sites were not biopsied and histology was not available. In addition, the older literature does not make a distinction between epithelial lesions (true thymic tumors) and other neoplasms arising in the region of thymus. In any event, these studies suggest liver, bone, and lymph nodes as common sites of extrathoracic metastases of malignant thymoma. [4] [5] [6] Moreover, renal and splanchnic metastases as well as cerebral metastasis, although quite rare, have also been reported. 5 In older literature, a majority of thymomas with metastases were described as epithelial type without any further categorization. 5 More recently, Huang et al 7 described a series of 120 thymic neoplasms treated at Memorial Sloan-Kettering Cancer Center between 1995 and 2006. Only eight of these patients developed distant progression even when lung was included as one of the sites of distant relapse. All the cases with extrathoracic involvement were thymic carcinomas; however, none were biopsied to histologically confirm the metastases.
This study describes a series of 35 cases of histologically documented metastatic thymic tumors at extrathoracic sites, classifies them according to latest WHO classification criteria, compares different clinical data, and discusses the differential diagnoses of these lesions. It documents that all types of thymic tumors can be associated with extrathoracic metastases.
Materials and methods
Institutional Review Board approval was obtained before the initiation of the study. The Indiana University Pathology Department database contains 4600 independent cases of thymic neoplasms diagnosed between the years 1985 and 2011. A search of this database was done to identify all cases of thymic tumors with metastases. All cases with only intrathoracic metastases were excluded, leading to the identification of 51 cases. Metastasis had been histological confirmed in 43 cases. Of these, slides from 35 cases were available for review. The demographic and clinical data were collected for these selected cases. The variables of interest obtained were age, sex, date of initial diagnosis, clinical features at time of presentation, type of primary tumor, and site of extrathoracic metastases. WHO (2004) thymoma classification 3 was used to identify the histology type of the metastatic lesion on hematoxylin and eosin-stained slides. Where possible, the histological features of the primary and metastatic lesions were compared.
Results
The review led to the identification of 35 cases-22 patients with thymic carcinoma and 13 patients with thymoma. These cases are detailed in Table 1 and are the subject of this study. The age range was 23-93 years with a mean of 50.4 years. The male-tofemale ratio observed was B2:1. Twenty-three patients had metastases to multiple sites while 11 had single metastases (data missing for one patient).
At the time of diagnosis of primary thymic tumor, epigastric discomfort, shortness of breath, and persistent cough were a few of the prominent symptoms seen in the patients. Superior vena cava obstruction was observed in two patients. Myasthenia gravis was noted in 4 of 35 patients (one case each of types B1 and B2, and two cases of B3).
Archival slides were reviewed and tumors categorized according to the current WHO classification. 8 In many cases, this categorization was based on biopsy material and may not represent the true nature of the tumor. Histologically, the tumors were classified as thymoma type A (n ¼ 1) (Figure 1 ), type B1 (n ¼ 3), type B2 (n ¼ 3) (Figure 2 ), type B3 (n ¼ 6), and thymic carcinoma (n ¼ 22) (Figure 3) . None of the metastatic cases was associated with type AB histology. Among the thymic carcinomas, there were 11 cases of undifferentiated carcinoma (Figure 3a ), 4 cases of squamous cell carcinoma, 4 cases of neuroendocrine carcinomas, 2 cases of mixed small cell undifferentiated squamous cell carcinoma (Figure 3b) , and 1 clear cell carcinoma. The average interval for thymomas was 2.5 years while the average interval for thymic carcinoma was 0.6 years. Of the six patients with B3, one had synchronous metastasis; overall average interval was 3.9 years. Of the six patients with B1 or B2 thymoma at presentation, four had synchronous metastasis. However, it is important to note that in many of these patients, needle biopsy specimens were the only tissues available for review. In these cases, a coexisting higher grade lesion cannot be excluded.
The primary tumor was available for review in only 8 of the 35 cases. In all of the cases, the histology of the metastatic tumor was very similar to that of the primary tumor. However, in one case, relative depletion of the lymphoid population was noted.
The time interval from the diagnosis of primary thymic tumor to metastasis ranged from synchronous to 17 years (average 3.6 years). Eighteen patients presented with synchronous metastasis. In nine patients, the metastasis was metachronous and, in eight patients, time of metastasis was not documented. The time to metastasis in the patients with metachronous metastasis was 1.7 years (range 1-3 years) for patients with thymic carcinoma, while it was 17 years (n ¼ 1) and 3 years (range 0.5-6 years) for patients with B1 and B3 thymomas, respectively. Of the three cases of B2, two presented with stage IV disease and, in one case, the time to metastasis was not available.
Most patients with extrathoracic metastasis had multiple metastases involving intrathoracic and extrathoracic sites. The predominant presenting features in patients with synchronous metastasis were related to general discomfort including weight loss and fatigue; pulmonary symptoms, such as shortness of breath, cough, hemoptysis, and hoarseness; as well as other symptoms related to metastasis, such as bone pain, lymphadenopathy, and nodules on scalp and chest wall. Myasthenia gravis symptoms were noted in one patient. In nine patients who presented without synchronous metastasis, three patients had paraneoplastic syndromes, while the remainder presented with either systemic symptoms or symptoms related to localized effects of the tumor mass. These patients, when metastasis was confirmed, had either recurrence of 
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T Vladislav et al systemic symptoms such as malaise, fatigue, weight loss, or abdominal pain/discomfort (two patients) or brain metastasis-related symptoms (two patients). In patients without synchronous tumors, the time interval from diagnosis of primary tumor to metastasis ranged from 6 months to 17 years. The average time to metastasis in these patients was 3.6 years.
Among the extrathoracic sites, lymph nodes were the most common site biopsied, with nine cases metastasizing to this site, followed by liver (eight cases) and soft tissue/skeletal muscles (four cases). Other areas of metastasis were bone, brain (Figure 3b) , scalp, kidneys, meninges, parametrium, and abdominal wall.
Discussion
Thymoma and thymic carcinoma are rare tumors (annual incidence 1-5/million populations), which accounts for B40% of all mediastinal tumors. This rarity makes the recognition of a mediastinal tumor as being of thymic origin difficult; this is particularly true for thymic carcinomas. The recognition of thymic metastasis is even more challenging because of the rarity of extrathoracic metastasis (incidence is believed to be around 3-6% 9 ) and because the histology can mimic tumors from other sites. In addition, as thymic tumors are known to be associated with an increased risk for a second primary tumor; this raises a high suspicion for a second primary tumor instead of metastases. Several studies of thymoma patients reported frequent occurrence of second malignancies at diverse sites including breast, colon, leukemia and non-Hodgkin lymphoma, and carcinoid tumors. [10] [11] [12] [13] Bergh et al, 14 in 1978, recognized that all thymic tumors can manifest malignant behavior and should be considered as malignant diseases. This is consistent with our findings that thymic tumors of all histologic types were associated with metastases, albeit with different frequencies. In the older literature, it was postulated that epithelial cells in the thymoma metastasize more frequently than the lymphocytic component, making the metastatic lesions predominantly of epithelial type. 5 Nickels and Franssila 6 reviewed 29 cases in the literature and concluded that metastatic thymoma of epithelial subtype was the most common type (67%). They also showed that metastasizing thymoma was not histologically distinct from those that did not metastasize. Our studies (current and prior) confirm these findings. Review of the primary and metastatic tumors was possible in eight cases-two carcinomas and six thymomas. In all but one case, the histology of the metastatic tumor was identical to that of the primary tumor. In one case, the original tumor was diagnosed as B1/B2 type, while the metastatic tumor showed significant depletion of the lymphoid population with focal coalescence of the epithelial nests. Depletion or loss of lymphoid cells has been previously reported by Pescarmona et al. 15 In their review of nine cases of recurrent thymomas, the histological features at recurrence were different from those observed at presentation in five of the cases. The authors ascribe this to the histological progression of disease. However, it is not known what the duration between last therapy and surgical excision or biopsy was in these cases. This is important since therapy, which often consisted of high doses of steroids, can cause lymphoid depletion. In addition, it should be kept in mind that the lymphoid-rich stroma seen in thymomas is probably a function of cytokine secretion and is likely to be an epiphenomenon rather than a sign of 'true progression.' The current classification of thymomas is heavily biased toward the character of this epiphenomenon rather than the character of the neoplastic cells. This could perhaps explain the difficulties in making prognostic assessments based on histology.
In our review of 35 cases, liver, lymph node, and soft tissue seem to be the most frequent metastatic sites. One of the 35 cases, in our review, was diagnosed as type A thymoma in both the primary and metastatic tumors. The behavior of type A thymomas is controversial; WHO (2004) categorically states that these are benign tumors. 8 However, we have previously reported a large series of cases of type A tumors associated with aggressive intrathoracic disease. 16 This has been more recently confirmed by Moran et al. 17 In this light, it is important to note that brain metastasis has been reported 18 in a patient with type A thymoma, which was histologically confirmed by Dr Rosai. In addition, the 10-year survival rates in patients with completely excised tumors and/or type A tumors have not always been 100%. [19] [20] [21] [22] Type B thymomas are regarded as lowgrade neoplasms, where aggressive behavior somewhat correlated with the epithelial cellularity. In the five cases of type B thymomas with metachronous metastases, the epithelial cellularity somewhat correlated with the duration between diagnosis and development of extrathoracic metastasis; the duration being shorter for B3 types than for B1 types. In this respect, the data should be interpreted with caution as some of the diagnoses of B1 and B2 thymomas were made solely on the basis of needle core biopsies. It has been well documented that thymic neoplasms can exhibit an admixture of histological types in a significant number of cases. 8, 23, 24 Thymic carcinomas had the shortest duration between diagnoses to metastases, confirming their aggressive behavior.
Metastasis of malignant thymoma or thymic carcinoma has been reported in the liver, lymph node, bone, brain, gastrointestinal tract, kidney, ovary, spleen, adrenal, pancreas, skin, breast, and nervous system other than cerebrum.
1,2,4-6,9,25-28 The differential diagnosis of the metastatic thymic tumor varies with the site of metastasis. Metastases from a type A thymoma can be confused with spindle cell carcinomas or mesenchymal tumors like hemangiopericytoma. Stains for keratins and CD20 can be very useful in this situation. Types B1 and B2 thymomas may be mistaken for a 'small blue cell tumor,' particularly in a limited biopsy specimen collected from a metastatic tumor. The presence of keratin-positive cells admixed with lymphoid cells that express CD3 is useful in the distinction. Epidermal growth factor receptor is often expressed in thymomas and can be of assistance in difficult cases. As with any other tumor, the availability of clinical history of thymic neoplasm is a very important clue.
Depending on metastatic site, a differential diagnosis for metastatic type B3 thymoma is quite difficult. B3 thymomas in contrast to B1 and B2 thymomas are lymphocyte poor. Epithelial cells form confluent sheets or extensive solid areas that may present focal spindle cell formation, focal loss of intraepithelial lymphocytes, and clear cell changes. These features can raise a suspicion for a low-grade renal cell carcinoma. The epithelioid cells in type B3 thymoma are keratin AE1/AE3 positive and may express EMA positivity but they are negative for vimentin. Importantly, the sinusoidal vasculature that characterizes renal cell carcinoma is not present in B3 thymoma. In addition, intermixed lymphocytes are all immature in type B thymoma (positive CD1a, TdT, and CD99).
In our review, we found 22 cases of thymic carcinoma including 11 undifferentiated carcinomas, 4 cases of squamous cell carcinoma (with 2 cases showing focal keratinization), 4 neuroendocrine tumors, 2 mixed small cell and squamous cell carcinomas, and 1 rare variant of metastatic thymic clear cell carcinoma. Most of the cases of undifferentiated carcinomas in this series had a lymphoid-rich stroma, raising the differential diagnosis of lymphoepithelioma. A metastatic neuroendocrine tumor can cause significant issues with respect to site of origin as these tumors have a phenotype more or less similar to the ones originating in the lung and gastrointestinal tract. Neuroendocrine tumors of the thymus are aggressive neoplasms associated with nodal metastases and poor prognosis despite their occasionally well-differentiated, bland appearance. [29] [30] [31] This aggressive behavior, along with a strong immunoreactivity for a broad spectrum of keratins (AE1/AE3 and CAM 5.2), makes them easily misinterpreted as carcinoma especially on biopsy specimen.
Metastatic squamous cell carcinoma of the thymus should also be distinguished from squamous cell carcinoma of other mediastinal organs, such as lung and esophagus. Thymic squamous cell carcinoma is characterized by broad fibrotic-hyalinized stroma and a lack of radial pattern of cells at the periphery of tumor nest, commonly seen in bronchogenic carcinoma. However, in poorly differentiate tumors, FOXN1, CD205, CD5, CD70, and CD117 can assist the recognition of thymic origin. 32 It should be noted that none of these markers are specific. CD5 can focally be expressed in type B3 thymoma, urothelial carcinoma, malignant mesothelioma, and adenocarcinoma of various organs; 33 CD70 may be positive in renal cell carcinoma, nasopharyngeal carcinoma, and Hodgkin lymphoma. 34 Clear cell carcinoma of the thymus is exceedingly rare; [35] [36] [37] [38] we have only seen two cases in our database of B120 thymic carcinomas. In addition to renal clear cell carcinomas, metastatic germ cell tumors (particularly seminoma), large B cell lymphoma, clear cell sarcoma or melanoma, and clear cell paraganglioma should be considered in the differential diagnosis. Appropriate clinical history and a panel of immunostains may be required to arrive at the correct diagnosis.
Conclusion
We have described 35 cases of thymic tumors with extrathoracic metastatic extension. The most common subtype associated with metastasis was thymic carcinoma, followed by type B tumors. The most common metastatic sites biopsied were lymph node, followed by liver and soft tissue (skeletal muscle, retroperitoneal fat). Metastases morphologically closely resembled the primary tumor.
